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disintegrated into an isolated shower, or isolated showers will develop
into a band, and so forth.'" From the synoptic point of view, then, the
instantaneous distribution of precipitation is a random sample of a
function whose average value, computed over several hours or several
thousand square miles, is correlated with the existing pressure and
temperature fields and, hence, with the major cloud systems. A recent
paper by Nagle (12) comparing precipitation patterns, integrated over
periods of up to six hours, with TIROS photographs illustrates this

point quite clearly. Examination of cases in which close agreement
exists between synoptic-scale weather maps and instantaneous precipitation
patterns shows that each one usually involves a large, intense mesosystem,
which effecgively constitutes an entire storm at the time of observation,
e.g. Ref. (B).

There is another possibility to be examined, namely, that
precipitation echo types could be used to identify fronts and pressure
patterns, even though their positions could onl}—ge estimated. Studies
by Boucher (13), Ligda et al (14), and Kreitzberg (15) show that there
is some correlation between echo type and synoptic situation, but no
clear-cut distinctions. For example, in an open-wave cyclone, thunder=-
storms are most apt to occur along the cold front, but they can occur
near the warm front and in the warm sector as well. Therefore, it
would be impessible to base synoptic analyses of sparse-data regions
upon precipitation data alone.

B. The Statistics of Precipitation

The difficulties in relating short-lived precipitation patterns
to synoptic-scale weather systems have led many investigators to use
statistical terms in describing precipitation. A useful concept in
this approach is the precipitation eddy spectrum, the transforfm of the
correlation coefficient, which can be computed in both the space and
time domains. It is apparent that the common classification of precipi-
tation echoes on radar screens as continuous, showery, or mixed is a
descriptioﬁ, in qualitative terms, of the eddy spectrum. Analysis of
precipitation echoes has shown that the space-eddy spectrum is essentially
continuous over a range of eddy diameters from 1 to 500 miles, with a
concentration in the range from 50 tco 100 miles {Noel and Fleisher (186)].
Similar results are found for the time-eddy spectrum, with the periods
represented rsnging from a minute or so up to several hours.

As cne proposed weather radar satellite system (5) calls for
observations in a 20-mile swath, study of the correlation of maritime
precipitation echoes in 20~by-20 mile blocks has bben carried out to
evaluate the usefulness of such observations. The datum studiled was the
number of 4-by-4 mile elements in each block containing precipitation
echoes. Computations of correlation and autocorrelation coefficients
were made for picket ship stations off Vancouver Island, Oregon, and
California. The results of the spatial correlation study are shown in
Fig. 2. No significant improvement in estimates of the number of elements
containing echoes is possible for areas more than 50 miles from the region



observed. The autocorrelation coefficients {not shown) indicate that
useful extrapolation in time, i.e., persistence forecasting, is limited
to about an hour.

A trial with 40-by-40 mile blocks yielded essentially the
same results. This suggests that, in many cases, the long wavelength
components ©of the eddy spectrum are of negligible importance, and that
observations in a wide swath of, say, 100 miles cannot be extrapolated
much further than those in a 20-mile swath.

The decrease in autocorrelation coefficients is due in part
to translaticnal effects. However, adoption of a frame of reference
moving with the precipitation elements merely slows the decrease, rather
than preventing it. Some improvement over mere persistence forecasting
can be achieved with radar data from ground stations by extrapolating
positdons of cells and mesosystems using observed velocities [wilson
and Kessler (17)]. However, no determination of cell velocities can
be made from a single satellite speeding past at several miles per second.

3. POSSIBLE APPLICATIONS OF PRECIPITATION DATA FROM SATELLITES

The potential value of precipitation data from satellites in local,
mesoscale, and synoptic-scale applications will now be considered. The
information could conceivably have operational or research value, or
both, in any one of these size ranges.

Any device used to observe precipitation systems on a given scale
should up-date its information several times during the lifetime of such
systems. If it does not, it cannot provide a rel:iable input to opera-
tional than climatological data for the research worker.

A single satellite in a polar orbit, returning to a given part of
the earth twice each day, is obviously unsuited to observation of local
and mesoscale precipitation systems, regardless of the instantaneous
coverage it provides. Complex orbits could be worked out to improve
coverage in certain areas at certain times. The time interval between
observations in a particular part of the world cannot be reduced to
less than one orbital period, however, and this interval cannot be
maintained in any given area for more than a few orbits at a time.
Therefore, practical applications for precipitation data from satellites
must be sought on the synoptic scale. This makes sense in another way.
A satellite’s most obvious advantage is its ability to probe remote areas,
and it is a geaneral rule in weather observing that interest in detail
diminishes witn distance. For example, an operational meteorologist is
indifferent to mesoscale structure of a storm 1,000 miles away from the
area for which he is to issue forecasts.

For observations on the synoptic scale, the motion of the satellite
becomes a handicap, rather than an asset. If the radar proposed in
Ref. 5 could view a 20-mile strip continuously, it could average over
time to filter out local variations and assess the large-scale systems



passing through. On an instantaneous basis, however, a 20-mile cut
through a cluster of showers can yield results indistinguishable from
those obtainable from a major frontal storm. If a satellite radar or
other precipitation-monitoring device is to provide a significant input
to synoptic meteorology, either for operational or research applications,
its coverage must be on a broad scale, in swaths several hundred miles
wide.

For operational purposes, the data would have to be up-dated once
every hour or so {Jones et al (18)1, a requirement that cannot be
satisfied by a single satellite.. If the data were to be used in
climatological studies, less frequent up-dating would be acceptable.
However, it should be noted that if a radar set were used as the
sampling device the resulting data would be of limited value, even to
climatologists. Radar reflectivity is not a unique function of rainfall
rate; rainfall rate estimates based upon radar measurements have inherent
uncertainties of up to 50% in addition to those which might arise from
equipment malfunction. cuch data would be virtually useless in studies
of the atmospheric heat budget, which is one suggested application for
global precipitation data.
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